Quantifying passive myocardial stiffness and wall stress in heart failure patients using personalized ventricular mechanics 
Methods
Data from 9 HFrEF patients, 4 HFpEF patients, and 4 non-HF patients with normal LV function (control) were analyzed. LV finite element mechanical models were personalized using LV surface data segmented from cine cardiac magnetic resonance (CMR) images. All subjects underwent same day left and right cardiac catheterization. Beat-averaged intra-ventricular pressures were extracted from LV catheter traces and temporally aligned with the CMR images. A mechanical simulation of LV diastolic filling was optimized to each patient-specific geometry and pressure loading, incorporating non-linear myocardial anisotropic tissue behavior and myocyte fiber orientation derived from our published work. Global myocardial passive stiffness was estimated by optimization of the predicted LV surface displacements between diastasis and end-diastole to the observed CMR motion. Mid-ventricular end-diastolic fiber stress was also derived from the model.
Results
Volume and pressure changes between diastasis and end-diastole, and LV mass measurements are shown in Table 1 (mass and volume data have been normalised by body surface area). Myocardial stiffness was significantly higher for the HFrEF group (mean ± SEM 7.6 ± 1.6 kPa) compared to both the control group (1.3 ± 0.3 kPa, p < 0.01), and the HFpEF group (2.1 ± 0.4 kPa, p < 0.01), but no significant difference was found between control and HFpEF groups due to small sample sizes. Mid-ventricular end-diastolic fiber stress was also significantly larger in the HFrEF group (3.3 ± 0.4 kPa) compared to control (1.0 ± 0.2 kPa, p < 0.001) and HFpEF patients (1.3 ± 0.2 kPa, p < 0.05). 
